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Down-regulation of interferon-g signaling by gene transfer of T helper cell (Th1) cytokines have been reported to
Stat1 mutant in mesangial cells. play a pathogenic role in some types of experimental
Background. Interferon-g (IFN-g) is secreted by T lympho- glomerulonephritis, such as crescentic glomerulonephri-
cytes and natural killer (NK) cells in the cellular immunity-
tis and Heymann nephritis [1–4]. Interferon-g (IFN-g),mediated inflammatory lesion, including endocapillary or ex-
which is representative of the Th1 cytokines, elicits cellu-tracapillary proliferative glomerulonephritis. It induces and/or
enhances multiple histocompatibility complex (MHC) class I lar immune responses activating cytotoxic T lympho-
and II, intercellular adhesion molecule-1 (ICAM-1), inducible cytes, natural killer (NK) cells, and macrophages [5].
nitric oxide synthase (iNOS), and Fc receptor expression in Simultaneously, it also changes the phenotype of a vari-
renal resident cells, resulting in the initiation and promotion
ety of resident cells in renal tissue, inducing and/or en-of inflammation. Recently, the signaling mechanism of IFN-g
hancing the expression of multiple histocompatibilityhas been investigated, and it appears that Stat1a is essential
complex (MHC) class I and II, intercellular adhesionfor signaling. We investigated Stat1a activation by IFN-g in
mesangial cells and attempted to regulate the signal transduc- molecule-1 (ICAM-1) [6–8], inducible nitric oxide syn-
tion by gene transfer. thase (iNOS) [9], chemokines [10], or Fc receptors [11].
Methods. Western blot with anti-Stat1 and antiphosphotyro- These effects result in the initiation and promotion of
sine after immunoprecipitation of Stat1 and Northern blot for
inflammatory processes in glomeruli.detection of Stat1 mRNA were performed. The dominant nega-
Recently, a primary signaling mechanism of IFN-g hastive form of Flag-tagged Stat1 was expressed in cultured rat
been revealed. The Janus tyrosine kinases (Jak1 andmesangial cells. Flag was immunostained in transfectants, and
luciferase reporter assay was carried out to measure the tran- Jak2) preferentially associate with the a and b chains
scriptional activity of Stat1a. The expression of IFN-g–induci- of the receptor, respectively. Upon IFN-g stimulation,
ble genes such as MHC class II (Ia-Aa) and MHC class II signal transducers and activators of transcription 1atransactivator (CIITA) was detected by reverse transcriptase-
(Stat1a) are recruited, via its src homology-2 (SH2) mo-polymerase chain reaction (RT-PCR).
tif, to the receptor complex, after tyrosine phosphoryla-Results. Stat1a was tyrosine phosphorylated and activated
by IFN-g in mesangial cells, and the mRNA and protein level tion at 440Tyr of the receptor a chain and activation of
of Stat1a increased upon stimulation by IFN-g. Overexpression the Jak kinases [12–14]. Then, Stat1a is tyrosine phos-
of Stat1-mutant lacking 35 C-terminal amino acids strongly phorylated at the 701Tyr, presumably by Jak kinases and
suppressed the IFN-g–induced signal transduction and inhib- the formed homodimer, and it is translocated to theited the expression of MHC class II and CIITA genes in mesan-
nucleus where it binds to specific DNA elements suchgial cells.
as IFN-g activation sequence (GAS) in the promotorConclusions. Stat1a is a critical molecule in the signal trans-
duction of IFN-g in mesangial cells. The inhibition of an endog- region of IFN-g–inducible genes, and directs gene tran-
enous function of Stat1a by gene transfer of the Stat1 mutant scription [15]. Stat1b, an alternatively spliced variant
may be a new method to reduce the inflammatory effects of of Stat1a, is also tyrosine phosphorylated upon ligand
IFN-g in localized inflammation of the kidney.
stimulation, is recruited to the receptor, and translocated
to nucleus. However, Stat1b cannot start transcription
after binding to the specific promoter sequence becauseKey words: signal transduction, Stat1, interferon-g, mesangial cell, in-
flammation, glomerulonephritis. it lacks the C-terminal transactivation region, which in-
cludes 727Ser [15]. Moreover, analysis of Stat1 geneReceived for publication January 25, 1999
knockout mice revealed that Stat1 is critical for a re-and in revised form August 30, 1999
Accepted for publication September 28, 1999 sponse to IFN-g [16]. Thus, Stat1a is the essential IFN-
g–driven signal component that has no substitute.Ó 2000 by the International Society of Nephrology
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The present study investigated Stat1a activation by Louis, MO, USA), and monoclonal mouse anti-Stat1
(Transduction Laboratories, Lexington, KY, USA). TheIFN-g in mesangial cells. We attempted to regulate the
effect of this cytokine by modulating the signaling ma- reactive proteins were detected with peroxidase-conju-
gated secondary antibodies or peroxidase-conjugatedchinery using a gene transfer of the Stat1-mutant, which
was deficient of the C-terminal transactivation region. streptavidin (Upstate Biotechnology, Inc., Lake Placid,
NY, USA), and visualized with enhanced chemilumines-In the cell-mediated inflammatory lesion of glomeruli in
which Th1 cytokines are dominant and play a pathogenic cence (Amersham, Arlington Heights, IL, USA).
role in the development of glomerular diseases, IFN-g–
Electrophoretic mobility shift assayinduced gene expression seems to play a key role [17].
The cell-specific and Stat1-selective regulation with the After treatment with IFN-g, cells were solubilized with
an ice-cold whole cell extraction buffer [1 mmol/L MgCl2,Stat1 mutant may be useful in order to better understand
the importance of IFN-g and Stat1a in local inflamma- 20 mmol/L HEPES (pH 7.5), 10 mmol/L KCl, 300 mmol/L
NaCl, 0.5 mmol/L dithiothreitol, 0.1% Triton X-100,tion.
1 mmol/L phenylmethylsulfonyl fluoride, 1 mmol/L vana-
date, and 20% glycerol]. DNA-binding proteins were as-
METHODS
sayed as previously described [14, 21]. Briefly, cell lysates
Cells (5 mg of protein) were incubated with the 32P-labeled oli-
gonucleotide probe using a double-stranded GAS (59-AGCultured mesangial cells from glomeruli, which were
isolated from kidneys of male Sprague Dawley rats (180 CATGTTTCAAGGATTTGAGATGTATTTCCCAG
AAAAG-39) of the promotor of the Fcgr1 gene [22].to 200 g; Charles River Japan, Kanagawa, Japan) by a
serial sieving method as descried [18], were maintained The samples were then applied to a 6 to 7% polyacryl-
amide gel to separate the free probe from the probein Dulbecco’s modified Eagle’s medium (DMEM; Life
Technologies, Inc., Paisley, UK) supplemented with 10% bound to proteins.
fetal bovine serum (FBS), 10 mmol/L HEPES, penicillin
Northern blot(100 U/mL), and streptomycin (100 mg/mL) in a humid
5% CO2 incubator. Cells were characterized as pre- After treatment, cells on the plate were washed with
ice-cold phosphate-buffered saline (PBS), solubilized inviously reported [19]. Experiments were performed be-
tween the 6th and 20th passages. Isogene (Nippon Gene, Tokyo, Japan), and total RNA
was extracted following the manufacturer’s protocol. Then
Immunoprecipitation and Western blot samples were subjected to electrophoresis on a formal-
dehyde/1% agarose gel and transferred to a nylon mem-Following treatment with IFN-g, cells were solubilized
on ice for 10 minutes in lysis buffer containing 1% Triton brane (Hybond-N1; Amersham) and hybridized with
32P-labeled cDNA probes in Expresshybrie (Clonetec,X-100, 20 mmol/L HEPES (pH 7.5), 100 mmol/L NaCl,
1 mmol/L vanadate, 1 mmol/L phenylmethylsulfonyl Palo Alto, CA, USA) solution.
fluoride, and 1 mmol/L dithiothreitol. Lysates were vor-
Expression vector, cDNA constructs, and transfectiontexed and centrifuged at 15,000 3 g for 10 minutes at 48C.
Protein concentration of supernatants was measured by The full-length human Stat1a cDNA was a gift from
Professor J.E. Darnell, Jr. To make the Flag-tagged con-Bradford protein assay method (Bio-Rad, Hercules, CA,
USA). The supernatants were precleared with protein trol Stat1, the EcoR I fragment of Stat1a cDNA (1 to
2224 bp) was ligated to the EcoR I site of pBlue-G-Sepharose (Pharmacia Biotech Inc., Uppsala, Swe-
den) for 30 minutes at 48C. After centrifugation at scriptSK(2) with the Flag sequence, followed by in-
serting stop codons at the Sma I-BamH I site (pBs/Flag),15,000 3 g for three minutes at 48C, supernatants were
incubated with rabbit anti-Stat1a serum (kindly pro- generating Stat1, of which seven carboxy terminal amino
acids were substituted for eight amino acids of the Flagvided by Dr. D.S. Finbloom) [20] for two hours prior to
the addition of protein G-Sepharose and incubation for sequence (amino acids 1 to 743, pBs/EcoR I Stat1/Flag).
The Sal I fragment of pBs/EcoR I Stat1/Flag was insertedanother hour. Sepharose beads were pelleted at 15,000 3
g for three minutes at 48C, washed three times with 1 to the Xho I site of cytomegalovirus (CMV)-driven
pCAGGS expression vector (kindly provided by Profes-mL of ice-cold lysis buffer, and boiled in a sodium dode-
cyl sulfate (SDS) sample buffer. The samples were then sor J. Miyazaki, Osaka University) [23]. The deletion
mutant of Stat1a lacking the 727Ser [mitogen-activatedresolved by SDS-8% polyacrylamide gel electrophoresis
(PAGE) and transferred to a polyvinylidene difluoride protein kinase (MAPK) phosphorylation site], but con-
taining the 701Tyr (JAK phosphorylation site), was mademembrane (Immobilon-P; Millipore, Bedford, MA,
USA), followed by Western blot. The antibodies used by inserting the blunted end of a Xba I fragment of the
Stat1a cDNA (1 to 2147 bp) into the EcoR I site ofwere rabbit anti-Stat1a serum [20], biotin-conjugated
antiphosphotyrosine (PY20; Leinco Technologies, St. pBs/Flag (pBs/Xba I Stat1/Flag) and subcloning the Sal
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fragment of the pBs/Xba I Stat1/Flag to the Xho I site of both the pBs/Xba I Stat1/Flag and pBs/EcoR I Stat1/
Flag transfection.the pCAGGS vector, generating Stat1 lacking 35 C-ter-
minal amino acids [amino acids 1 to 715, resembling
Reverse transcriptase-polymerase chain reactionStat1b, which is an alternatively-spliced natural mutant
Total RNA was prepared from transfectant cell lineslacking 38 C-terminal amino acids (713 to 750 amino
using Isogene (Nippon Gene). Single-stranded cDNA wasacids)].
synthesized from 1 mg of total RNA in a 20 mL reactionThe plasmids were transiently transfected into cultured
mixture containing 5 mmol/L randam hexamer and 1 Urat mesangial cells by the calcium phosphate transfection
reverse transcriptase (Superscript IIe; Life Technology).method (Life Technologies, Inc., Bethesda, MD, USA),
One microliter of cDNA was subjected to polymerasefollowing the manufacturer’s protocol. The GAS-lucifer-
chain reaction (PCR) for 30 cycles of: one minute atase reporter construct, in which the GAS sequence from
denaturation at 948C, one minute of anealing at 428C,the promoter of IRF-1 was linked to the thimidine kinase
and one minute of extension at 728C with the followingminimal promoter-luciferase gene (gas-ptkLuc) [24], and
primers: CIITA (sense, 59-CAAGTCCCTGAAGGACMV-b-galactosidase expression constructs (Invitrogen,
TGTGGA-39; antisense, 59-ACGTCCATCACCCGGSan Diego, CA, USA) were cotransfected. Briefly, cul-
AGGGAC-39) [25] or b-actin (sense, 59-CACCCTGTtured rat mesangial cells were seeded onto six-well plates
GCTGCTCACCGAGGCC-39; antisense, 59-CCACACone or two days before the experiments. When cells
AGATGACTTGCGCTCAGG-39). To detect the mes-reached approximately 30 to 50% confluence, media
sage of the MHC class II (rat Ia-Aa) gene, PCR waswere changed to fresh 10% FBS culture media, as de-
performed for 30 cycles of: one minute at denaturationscribed earlier in this article. After three hours, the plas-
at 948C, one minute of anealing at 558C, and one minutemids (0.5 mg of Flag-tagged Stat1 constructs, 1.5 mg of
of extension at 728C with primers (sense, 59-TCTGgas-ptkLuc, and 0.2 mg of b-galactosidase expression
CCCCAATTCATCGT-39; antisense, 59-TCAATCAGconstruct) in calcium phosphate precipitation were
GGTCTCGGAATC-39) [26]. Then, 10 mL of these PCRadded into culture wells. The culture was incubated for
products were run on 1.6 to 2% agarose gel and stained16 to 24 hours, washed once with culture media and
by ethidium bromide.incubated further in fresh culture media for 24 hours.
Then cells were incubated with or without IFN-g (20 ng/
mL; Genetech, South San Francisco, CA, USA) for the RESULTS
indicated periods of time. After incubation, the cells Stat1a is activated in rat mesangial cells
were washed once by PBS, lyzed, and scraped in lysis by interferon-g
buffer (Toyo Ink, Tokyo, Japan), followed by measuring
First, we investigated whether or not Stat1a was acti-
luciferase activity using a lumiphotometer (TD-4000; vated in mesangial cells as reported in other types of
Labo Science, Tokyo, Japan) with a luciferase assay kit cells. Cells were incubated with IFN-g, and Stat1a was
(Pica gene; Toyo Ink), and b-galactosidase activity with a immunoprecipitated from cell lysates followed by immu-
b-galactosidase assay kit (Promega, Madison, WI, USA). noblotting with antiphosphotyrosine. Stat1a started to
The luciferase activities in wells were normalized for be tyrosine phosphorylated five minutes after IFN-b
interwell variation by b-galactosidase activities. To es- stimulation, and was maximally phosphorylated at 20
tablish transfectant cell lines, a puromycin-resistant gene minutes (Fig. 1A). To check if Stat1a acquired DNA
(pPGKpuro; a generous gift from Dr. Peter W. Laird) binding activity, an electrophoretic mobility shift assay
was cotransfected, and the selection was carried out with was performed using a GAS probe and whole-cell ex-
puromycin (3 mg/mL). After selection for several weeks, tracts of cells incubated with IFN-g for 20 minutes. A
puromycin was withdrawn from culture for a few days, specific shift band appeared only after ligand stimulation.
and cells were treated with or without IFN-g (20 ng/mL) That was “supershifted” when anti-Stat1a serum was
for 24 hours. For immunostaining, cells were harvested added in the DNA-binding reaction (Fig. 1B), showing
by trypsinization and attached onto slide glasses by Cy- that the DNA-protein complex contained Stat1a protein.
tospin (Cytospin 2, Shandon) followed by fixing in 100% These data indicate that Stat1a is tyrosine phosphory-
ethanol for 10 minutes. After blocking with 1% bovine lated and activated to bind specific DNA element in rat
serum albumin in Tris-buffered saline, cells were treated mesangial cells by IFN-g.
with mouse monoclonal anti-Flag antibody (IgG1; 1 mg/
Stat1a is increased in mRNA and protein levels bymL, M2; Sigma) for one hour and then with FITC-conju-
interferon-g stimulation in rat mesangial cellsgated F(ab9)2 anti-mouse IgG (5 mg/mL; Tago, Inc., Ca-
marillo, CA, USA) for 30 minutes. Transfection effi- It has been reported that IFN-g increased mRNA and
ciency, which was calculated by number of Flag-positive protein of Stat1 in astroglioma cells [27] and fat-storing
cells of liver [28]. To check whether or not this occurscells over total number of cells, was around 10% in
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Fig. 1. Stat1a is tyrosine phosphorylated and activated by interferon-g (IFN-g) in rat mesangial cells. (A) Immunoprecipitations were performed
in lysates of mesangial cells treated with IFN-g (20 ng/mL) for 0 (a, d), 5 (b, e) and 20 (c, f) minutes with either normal rabbit serum (a–c) or
rabbit anti-Stat1a serum (d–f). Then samples were subjected to SDS-PAGE and transferred to polyvinylidene difluoride membrane (Immobilon-P;
Millipore), followed by immunoblotting with antiphosphotyrosine (upper panel) and, after stripping, anti-Stat1a (lower panel). (B) The lysates
(5 mg) from cells treated with IFN-g (20 ng/mL) for (a) 0 or (b) 20 minutes were assayed on electrophoretic mobility shift assay (EMSA) using
a 32P-labeled IFN-g activated sequence (GAS) probe. Either control normal rabbit serum (c) or rabbit anti-Stat1a serum (d) was added to the
binding mixture of lysate and probe, and incubated for 30 minutes on ice.
in mesangial cells, we performed Northern blots with IFN-g signaling in the Stat1-negative cell line U3A was
not reconstituted by Stat1b, which lacked 38 C-terminalStat1a cDNA and GAPDH cDNA as an internal control.
Stat1 mRNA expression was strongly enhanced upon amino acids, including 727Ser [15], indicating that the re-
gion is essential for transcriptional activity, we deletedstimulation by IFN-g for a day and remained elevated
for three days (Fig. 2A). Anti-Stat1 Western blot (using 35 C-terminal amino acids (2148 to 2250 bp), including
727Ser, and added eight amino acids of the Flag sequencemonoclonal anti-Stat1), after immunoprecipitation with
anti-Stat1a serum in lysates of cells stimulated by IFN-g at the end. The construct was inserted into a CMV-
driven expression vector. As a control, Stat1a, of whichfor zero, three, and seven days showed that Stat1a pro-
tein was increased at least seven days after stimulation seven C-terminal amino acids were substituted for the
Flag sequence, was also ligated to the expression vector.in mesangial cells (Fig. 2B). These data indicate that
Stat1a is increased by IFN-g in both mRNA and protein To check if these constructs were expressed, cultured
rat mesangial cells were first transiently transfected withlevels in mesangial cells.
these constructs and stained by anti-Flag monoclonal
Suppression of interferon-g–induced activation of antibody (mouse IgG1) and FITC-conjugated F(ab9)2
transcription by dominant negative Stat1-mutant in anti-mouse IgG. Some of cells transfected with Flag-
mesangial cells tagged Stat1, either the control or deletion mutant, were
positive for Flag antigen in the cytoplasm, whereas anyBecause Stat1a was activated and its expression was
increased in mesangial cells by IFN-g, we attempted to cells transfected with the empty expression vector were
not positive (Fig. 3). Then, to determine the suppressiveinhibit the transcriptional activity of Stat1a so that we
could eventually reduce the inflammatory effects of effect of the Stat1-deletion mutant on transcriptional
activity of the endogenous Stat1a, the GAS-luciferaseIFN-g on mesangial cells. We employed a gene transfer
method using the Stat1 mutant, which functions as a reporter was cotransfected with the Stat1 mutant, control
Stat1, or empty expression vector. The b-galactosidasedominant negative influence exerting the specific inhibi-
tion on transcriptional activation of Stat1a. Because expression construct was also cotransfected to normalize
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Fig. 2. Stat1a is increased in mRNA and protein level in rat mesangial cells by IFN-g. (A) Cultured rat mesangial cells were incubated with
IFN-g (20 ng/mL) for zero (a), one (b), or three (c) days. Total RNA was blotted with a full length of Stat1 cDNA. (B) Immunoprecipitation of
Stat1a was performed with normal rabbit serum (NS; a, b, and c) or rabbit anti-Stat1a serum (d, e, and f) in lysates (2 mg) of cells stimulated
with IFN-g (20 ng/mL) for zero, three, or seven days. For the seven-day cell culture, the medium was changed for a fresh one with IFN-g (20
ng/mL) at the third and fifth days after starting the culture. After resolving by SDS-PAGE and transferring to an Immobilon-P membrane,
immunoblotting was carried out with mouse anti-Stat1 monoclonal antibody.
any interwell variation of transfection. In cells trans- jected to RT-PCR to detect the expression of MHC class
II (rat Ia-Aa) genes, because up-regulation of MHC classfected with the Stat1-deletion mutant, the activation of
GAS promoter by IFN-g measured by luciferase assay II expression is one of the major pathophysiologic roles
was remarkably suppressed at both 8 and 24 hours after of IFN-g, and it had been revealed to be induced on rat
IFN-g stimulation when compared with that in cells mesangial cells by IFN-g [6]. Since CIITA is a critical
transfected with control Stat1 or the empty expression transcriptional factor for the expression of MHC class
vector (4.7- vs. 21.7-fold or 25.0-fold induction, respec- II and the expression of CIITA is induced by IFN-g [25,
tively, at 24 h stimulation; Fig. 4). These data indicate 27, 29], CIITA gene expression was also attempted to
that 35 C-terminal amino acids (including 727Ser) of detect intransfectants. As shown in Figure 5, neither
Stat1a are essential for the activation of transcription CIITA nor MHC class II genes were expressed after
by IFN-g, and the overexpression of the Stat1-deletion IFN-g stimulation in the transfectant of the Stat1 mutant,
mutant lacking those 35 amino acids suppresses IFN-g– whereas both did in the transfectant of control Stat1.
induced signal transduction by competing with endoge- This indicates that Stat1a is critical for CIITA and MHC
nous Stat1a in mesangial cells. class II expression in rat mesangial cells, and the domi-
nant negative construct of Stat1 is effective in down-
Suppression of endogenous interferon-g–inducible regulation of endogenous IFN-g–inducible genes.
gene expression
Because the efficiency of transient transfection was too
DISCUSSIONlow to see the effect of Stat1 mutant on the expression
Interferon-g induces the expression of a set of earlyof endogenous IFN-g–inducible genes in transfectants,
response genes by the formation of a ligand-dependenttransfectant cell lines were made by cotransfection of a
multimolecular association of its receptor chains (a andpuromycin-resistant gene followed by puromycin selec-
b), Janus tyrosine kinases (Jak1 and Jak2), and the tran-tion. Cells were then cultured for a few days without
scription factor, Stat1a [14]. An alternatively splicedpuromycin and treated with or without IFN-g for 24
hours. Afterwards, total RNA was prepared and sub- variant form of Stat1, Stat1b, is also tyrosine phosphory-
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Fig. 3. Anti-Flag staining of transfectants. Rat mesangial cells were transiently transfected with vector only (a), Flag-tagged control Stat1 gene
(b), or the Flag-tagged Stat1-deletion mutant (c) in expression vector (pCAGGS), as described in the Methods section. After tripsinization, cells
were attached onto glass slides by cytospin, fixed by ethanol, and stained with anti-Flag monoclonal antibody (M2, mouse IgG1) and FITC-
conjugated F(ab9)2 anti-mouse IgG. The arrows indicate negatively stained cells or background.
lated in a ligand-dependent manner, but does not have responsive to its stimulation by increasing Stat1a expres-
sion (Fig. 2).transcriptional activity because it lacks the C-terminal
transactivation domain, including 727Ser [15]. In addition The deletion mutant used in our study lacked 35 C-ter-
minal amino acids resembling Stat1b, which lacked 38to the tyrosine phosphorylation of components in this
pathway, p21ras-independent Raf-1 and MAPK (serine/ amino acids. Both lacked 727Ser, which is a putative
MAPK phosphorylation site and is critical for full activa-threonine kinases) activation also plays a role in tran-
scriptional regulation by phosphorylation of 727Ser. Acti- tion of Stat1a. We found that a dominant negative effect
was strongly exerted by this deletion mutant upon activa-vation of the Raf1/MAPK pathway by IFN-g seems to
operate in parallel and is integral to the Jak/Stat pathway tion of the transcription by IFN-g (Fig. 4). It has recently
been reported that in human tracheobronchial epithelialto enable full activation of Stat1a [30, 31]. Thus, Stat1a
activation is the most essential and critical action in the cells, expression of Stat1b and Stat1 mutant (701Tyr!
Phe) decreased the transcriptional activity of Stat1a in-signaling process for a cellular response to IFN-g. IFN-g
also activated Stat1a to be tyrosine phosphorylated and duced by IFN-g [33], and a similar dominant negative
effect was also observed in the interleukin-6–inducedto bind DNA in mesangial cells (Fig. 1). The phosphory-
lation started in five minutes, which was not as rapid Jak/Stat signal pathway by a mutation of Stat3 at 705Tyr,
which was the counterpart of 701Tyr of Stat1 [34]. Ouras reported in the Hela tumor cell line [32]. This may
represent cultured mesangial cells that are more quies- result is in accordance with those observations. In those
studies, overexpression of “wild-type” Stats enhancedcent than tumor cells in terms of kinases (including Jak
kinases, Raf1 and MAPK being possibly less active), the transcription of genes. The reason why overexpres-
sion of the control Stat1 did not enhance the promoterand IFN-g may condition mesangial cells to be more
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Fig. 5. Suppression of endogenous expression of IFN-g–inducible
genes in the transfectant with the Stat1-deletion mutant. Rat mesangial
cells were cotransfected with control Stat1 or Stat1-mutant and a puro-
mycin-resistant gene. After selection by puromycin, cells were treated
with (lanes 2 and 4) or without (lanes 1 and 3) IFN-g (20 ng/mL) for
24 hours, and samples were subjected to RT-PCR. MHC class II (Ia-
Ab) (top) and CIITA (middle) genes were induced in transfectant with
Fig. 4. Suppressive effect of Stat1 deletion mutant lacking 35 C-termi- control Stat1 (lanes 1 and 2), but not in transfectant with Stat1-deletion
nal amino acids on the activation of Stat1a in rat mesangial cells. Rat mutant (lanes 3 and 4). As an internal control, the mRNA of b-actin
mesangial cells were transfected with Stat1-deletion mutant (d), control (bottom) was detected equally in each sample.
Stat1 (j), or the expression vector only (h), as well as the GAS-
luciferase reporter gene and b-galactosidase expression construct. After
transfection, as described in the Methods section, cells were incubated
in fresh media for 24 hours to express exogenous genes and then stimu-
lated by IFN-g (20 ng/mL) for 0, 8, or 24 hours. Luciferase activity in pression in transient transfectants. The up-regulation of
cell lysates was measured and normalized by b-galactosidase activity. MHC class II gene by IFN-g is a critical process in anti-The fold increase of luciferace activity in stimulated cells over that in
gen presentation and consequent activation of T-cell–untreated cells was calculated. All values are expressed as the mean 6
se of triplicate wells. Data presented are representative of three inde- mediated immune reaction [5]. The construct of Stat1
pendent experiments. The asterisks represent differences at *P , 0.001 mutant was shown to be effective in the regulation ofand ** P , 0.01 compared with other groups of samples at corresponding
this important process.times, which were calculated by the unpaired t-test.
In glomerulonephritis, platelet-derived growth factor
(PDGF) and angiotensin II (Ang II) seem to be partici-
pants in the development of mesangial proliferation and
activation by IFN-g in our results might be that the glomerulosclerosis after an antigen-specific immune re-
construct was not a “wild type.” Its seven carboxy termi- action [36, 37]. Both PDGF and Ang II have been re-
nal amino acids were substituted for eight amino acids ported to induce tyrosine phosphorylation of Stat1a [38–
of the Flag sequence. This small deletion and the confor- 40]; however, it has not yet fully been determined which
mational change with Flag might interfere with a full genes are transcriptionally activated by Stat1a. The
functional expression of Stat1, although they did not down-regulation of signal transduction through Stat1a
show a dominant negative effect. Because the transfec- activated by any mediators might suppress some effects
tion efficiency of the calcium phosphate method was low, of these mediators on mesangial cells in the inflammatory
we could not show the effect of the Stat1 mutant on lesion. However, in order to see the effect of Stat1-
diminishing actual IFN-g responses in the transient dominant negative actions on glomerulonephritis, alter-
transfectant. We then established the puromycin-resis- ations of inflammatory responses need to be evaluated
tant cell line cotransfected with the Stat1 mutant and a in vivo. One of the ways for this issue to be studied
puromycin-resistant gene, and showed that the IFN-g– is with the Stat1-dominant negative transgenic animal.
dependent gene expression of CIITA and MHC class II According to results from Stat1 gene knockout mice [16],
was inhibited in the Stat1-dominant negative cell line Stat1 is indispensable for biologic responses that are
(Fig. 5). Several other transfection methods, such as with dependent on IFNs (such as IFNa/b and IFN-g) and
cationic lipid reagents, which have been reported to be highly sensitive to infection by microbial pathogens. Be-
efficient for primary cultured cells [35], were tried to cause Stat1b (which lacks 38 C-terminal amino acids)
increase the transfection efficiency. While a threefold to also works as a component of the signal molecule for
fivefold increase of efficiency was achieved, it was still IFNa/b signaling [15], our dominant negative construct
of Stat1 may interfere with IFN-g signaling and othertoo low to see the suppression of endogenous gene ex-
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synthase in cultured rat mesangial cells. Am J Physiol 275(1 PtStat1a-dependent signalings. Another way to possibly
2):F103–110, 1998
see the effect of this construct in vivo is by gene delivery 10. Grandaliano G, Valente AJ, Rozek MM, Abboud HE: Gamma
interferon stimulates monocyte chemotactic protein (MCP-1) indirectly to the kidney. This will have therapeutic applica-
human mesangial cells. J Lab Clin Med 123:282–289, 1994tions, and may be a useful method to determine the
11. Santiago A, Mori T, Satriano J, Schlondorff D: Regulation of
importance of Stat1a and IFN-g or other factors activat- Fc receptors for IgG on cultured rat mesangial cells. Kidney Int
39:87–94, 1991ing Stat1a in a local inflammation. The key to this issue
12. Heim MH, Kerr IM, Stark GR, Darnell JE Jr: Contribution ofis how efficiently the gene transfer into cells of the kidney
STAT SH2 groups to specific interferon signaling by the Jak-STAT
tissue can be performed. In vivo experiments applying pathway. Science 267:1347–1349, 1995
13. Greenlund AC, Farrar MA, Viviano BL, Schreiber RD: Ligand-the results of this study on the Stat1 mutant, focusing
induced IFN gamma receptor tyrosine phosphorylation couplesespecially on obtaining an efficient method for gene de-
the receptor to its signal transduction system (p91). EMBO J
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